Introduction
============

Hepatic perfusion disorder (HPD) refers to the difference in perfusion between a number of different liver segments and sub-segments induced by numerous causes, reflecting the partial liver microcirculation hemodynamic status ([@b1-etm-0-0-6090]). In 1997, Gryspeerdt *et al* ([@b2-etm-0-0-6090]) analyzed the phenomenon of hepatic perfusion differences identified in dual-phase spiral computed tomography (CT) scan, and first nominated the disorder as HPD. Following this identification of HPD, several studies concerning HPD have been published ([@b3-etm-0-0-6090],[@b4-etm-0-0-6090]).

Etiopathogenesis of HPD is associcated with the certain imaging characteristics of HPD focal lesions, which are primarily categorized into three types: Diffuse type, liver lobe-liver segment type and wedge-sheet type ([@b5-etm-0-0-6090]). These diffuse types describe the multiple forms and various sizes of abnormal perfusion regions associated with HPD in the liver parenchyma. HPD is commonly observed in portal vein thrombosis and compression caused by malignant tumors ([@b6-etm-0-0-6090]). HPD liver lobe-liver segment type may be identified according to abnormally enhanced signals in the liver segment or liver lobe in the hepatic arterial phase and istypically observed in liver tumors or tumors of adjacent organs, post-liver surgery, interventional treatment or inflammatory lesions ([@b4-etm-0-0-6090]). The wedge-sheet type HPD is characterized by a wedge or triangular shape, which are commonly observed at the edge of the liver or liver lesions and are caused by liver cancer, cirrhosis, or abnormal physiological perfusion ([@b7-etm-0-0-6090]).

In China, the prevalence of liver disease is high, particularly those associated with viral hepatitis (predominantly hepatitis B virus), alcoholic liver disease and non alcoholic fatty liver disease, which affects \~300 million people ([@b8-etm-0-0-6090]). These diseases may progress into hepatic cirrhosis and liver cancer, which may result in HPD ([@b9-etm-0-0-6090]). Therefore, evaluation of HPD may help elucidate the hepatic pathological changes that occur in patients with HPD.

Following the extensive application of multislice computed tomography (MSCT), CT evaluations of HPD have previously been reported ([@b10-etm-0-0-6090]). However, few MRI evaluations of HPD have been reported, which is likely due to the fact that the use of MRI in imaging for evaulating HPD was introduced after CT and MRI is not used as widely as CT in imaging of HPD ([@b11-etm-0-0-6090]). However, the features of HPD in MRI imaging have been described in the literature ([@b1-etm-0-0-6090]), and it has been reported that MRI imaging maybe used to indicate the characteristics of different hepatic diseases that cause HPD ([@b3-etm-0-0-6090]). As the use of MRI has developed, it has been accepted in the medical community that MRI is superior to MSCT ([@b10-etm-0-0-6090],[@b12-etm-0-0-6090],[@b13-etm-0-0-6090]). Although the scanning speed of CT is fast, its soft-tissue resolution is lower than MRI ([@b14-etm-0-0-6090]). In addition, CT cannot be repeatedly performed in a the short term due to accumulation of radiation, whereas MRI does not harm the human body, thus repeated MRI may be deemed as safe to patients ([@b15-etm-0-0-6090]). MRI liver imaging can be completed in a short time period; regular enhanced MRI scanning of the liver can be done in 14 sec for each phase. In partitcular cases, the scanning speed of MRI can be shortened to several sec for each phase, and multi-phase scanning has been applied in evaluations of liver diseases ([@b16-etm-0-0-6090]). Furthermore, when assessing the liver and other abdominal lesions, more perfusion disorders may be identified using MRI scanning ([@b3-etm-0-0-6090]). In the present study, a retrospective analysis of 35 patients diagnosed with HPD through MRI in between January 2010 and January 2013 has been completed. The literature has been reviewed in order to enhance the awareness of HPD, improve the diagnosis of liver diseases and identify potential novel liver diseases ([@b17-etm-0-0-6090]).

Materials and methods
=====================

### General information

A total of 35 patients with variation of HPD: 6 patients exhibtied diffuse type; 7 patients presented with liver lobe or liver segment type; and 22 patients had wedge or flaky type. Patients were diagnosed by unenhanced and dynamic contrast-enhanced MRI scanning in the Affiliated Hospital of Binzhou Medical College (Yantai, China) between January 2010 and January 2013 were selected for the current study. Among the 35 HPD patients, 26 were male and 9 were female; and the age of patients ranged from 41 to 82 years, with an average age of 59 years. Among these cases, there were 16 cases of liver cancer, 1 case of pancreatic cancer with hepatic metastasis, 1 case of hepatic hemangioma, 5 cases of hepatocellular carcinoma following interventional treatment, 1 case of liver cancer following surgery, 1 case of liver metastasis of colon cancer following radio frequency ablation, 1 case of gastric cancer, 3 cases of liver cirrhosis, 1 case of liver abscess, 1 case of cholecystitis and 1 case of pancreatitis. Primary lesions were not identified in 3 cases of radiological examination. All patients underwent plain MRI scanning, dynamic triple-phase enhanced scanning and ultrasound examination. Part of those cases underwent CT (7 cases), digital subtraction angiography (DSA, 5 cases), or needle biopsy (performed in 2 cases). DSA and needle biopsies were conducted according to previously described methods ([@b18-etm-0-0-6090],[@b19-etm-0-0-6090]).

### MRI examination

A Siemens MAGNETOM^®^ Avanto 1.5T MR instrument (Siemens AG, Munich, Germany) was used to conduct examinations in the present study. A body phased-array coil was also used during examinations, where the phased array body coil was placed on the upper abdomen and close to the abdominal wall of the patient. All 35 patients underwent conventional T1 weighted image (WI), T2WI, fat saturation (FS) T2WI, FS T1WI, diffusion weighted images (DWI), dynamic contrast-enhanced imaging and delayed imaging. MRI imaging was performed as described previously ([@b20-etm-0-0-6090]). Patients were maintained in the supine position, in which the head entered the MRI machine first. High-resolution MRI imaging sequences include: T1WI repetition time (TR) 170 msec, echo time (TE) 4.8 msec, T2WI TR 1,200 msec, TE 92.0 msec; DWI b value was set to 50 and 600 sec/mm^2^; FS T2WI TR 4,352 ms, TE 90 ms; FS T1WI1 acquisition matrix 512×512, field of view 380 mm, slice thickness 3 mm. The dynamic enhanced MRI scanning contrast agent was 20--25 ml gadolinium-diethylenetruamune pentaacetic acid. A scanning rate of 2 m/sec was used and the imaging time was as follows: Arterial phase 20--25 sec, portal venous phase 50--60 sec, delayed phase 120--180 sec. A total of 25 patients had a 5 min delay in imaging due to image changes.

### MRI image viewing

Images were assessed by two experienced and specialized physicians in a blinded retrospective method. The occurrence of HPD was evaluated according to unenhanced and dynamic contrast-enhanced MRI imaging results at the same time, lesion size, and location, using the same enhancement pattern. The association between the HPD and lesions in the liver and abdomen was recorded, whether or not these were accompanied by an arterioportal shunt (APS). MRI, CT, DSA and related image data, laboratory tests, surgery and pathology results associated with the patient\'s primary lesions were comprehensively analyzed for the purpose of clarifying the causes of the diseases and provide an insight into the development mechanism of HPD.

MRI criteria that determined HPD were as follows: Abnormal perfusion regions in the arterial phase revealed a wedge or irregular hyperintense signal; the portal venous phase area revealed isointense or slightly hyperintense signals; the delayed phase imaging revealed isointense or hyperintense signals. According to its performance characteristics in the liver parenchyma, HPD may be classified as diffuse type, liver lobe-liver segment type, and wedges or flaky type.

The direct signs of APS to identify the patients with APS were as follows: i) Dynamic enhanced imaging in the arterial phase revealed intrahepatic portal vein branches, but the main portal vein did not appear; ii) Portal vein branches and trunk imaging appeared, but the superior mesenteric vein and splenic vein did not appear; iii) Signals within the proximal branches of the portal vein were markedly higher than within the distal branches.

Results
=======

### Patient information

Of all 35 HPD cases, 26 were tumor-related; accounting for 74.3% of the total number of cases assessed, which included 16 cases of primary liver cancer, 1 case of liver metastases, 1 case of hepatic hemangioma, 1 case of gastric cancer, 6 cases of hepatocellular carcinoma following surgery and interventional treatment and 1 case of liver metastases following treatment intervention. There were 6 non-tumor associated cases, accounting for 17.1% of total HPD cases including 3 cases of inflammatory lesions and 3 cases of liver cirrhosis while 10 cases of APS HPD were identified. Therefore, tumor-associated lesions account for a relatively large amount of HPD cases in the group in the present study. Primary liver cancer is a common malignant tumor that seriously threatens human health globally, as the sixth most lethal malignant tumor ([@b21-etm-0-0-6090]) and is the most common disease that causes HPD. Furthermore, inflammatory lesions and non-neoplastic causes of cirrhosis are common causes of HPD ([@b22-etm-0-0-6090],[@b23-etm-0-0-6090]). Transcatheter arterial chemoembolization (TACE) is the primary measurement approach of interventional treatment for liver cancer ([@b24-etm-0-0-6090]). Interventional therapy typically leads to HPD ([@b25-etm-0-0-6090]). Clear primary lesions were not identified in three of the cases presented in the current study, which were considered to physiologically cause HPD; accounting for 8.6% of HPD cases. Pathogenic causes and the different types of HPD are presented in [Table I](#tI-etm-0-0-6090){ref-type="table"}.

### Comparison of MRI and CT in HPD imaging

Of the 35 HPD cases assessed, 7 also underwent plain CT and 3 underwent enhanced scan imaging. Furthermore, 6 of the 35 cases underwent CT scan imaging, which revealed abnormal perfusion regions with a marked enhancement in the arterial phase and signals in balanced and delayed phases that appeared near the liver parenchyma; the performance of the CT scanning images appear to be similar to MRI enhanced imaging. Atypical signs were observed in 1 case of HPD that underwent CT scanning. This may be associated with the rate of contrast agents and different imaging modalities. As noted previously, MRI has a number of advantages in displaying HPD.

### MRI imaging of patients

[Fig. 1](#f1-etm-0-0-6090){ref-type="fig"} indicated the MRI imaging of a patient (male, with a history of hepatitis B) with liver cell adenocarcinoma revealed by biopsy. [Fig. 1A-C](#f1-etm-0-0-6090){ref-type="fig"} demonstrated the imaging of the tumor. [Fig. 1A](#f1-etm-0-0-6090){ref-type="fig"} indicated the tumor in the arterial phase was markedly enhanced. [Fig. 1B](#f1-etm-0-0-6090){ref-type="fig"} demonstrated that the signal of the tumor in the venous phase was slightly hyperintense, while in the delayed phase the tumor displayed hypointense signals ([Fig. 1C](#f1-etm-0-0-6090){ref-type="fig"}). [Fig. 1D-F](#f1-etm-0-0-6090){ref-type="fig"} demonstrated the imaging of abnormal perfusion in the liver inferior to the adjacent region. Abnormal perfusion in the arterial phase was hyperintense ([Fig. 1D](#f1-etm-0-0-6090){ref-type="fig"}). Furthermore, abnormal perfusion in the venous phase and the delayed phase was also slightly hyperintense ([Fig. 1E and F](#f1-etm-0-0-6090){ref-type="fig"}, respectively).

[Fig. 2](#f2-etm-0-0-6090){ref-type="fig"} indicated the liver enhanced MRI imaging of a patient with cholecystitis. Imaging in the arterial phase demosntrated multiple abnormal enhancements in the left and right lobe of the liver with clear boundaries ([Fig. 2A](#f2-etm-0-0-6090){ref-type="fig"}). In the portal phase, abnormalities in the left and right lobe of the liver were slightly hyperintense ([Fig. 2B](#f2-etm-0-0-6090){ref-type="fig"}). Notably, abnormalities in the left and right lobe of the liver in the delayed phase were also slightly hyperintense ([Fig. 2C](#f2-etm-0-0-6090){ref-type="fig"}).

Discussion
==========

MRI scanning of HPD primarily indicates isointense T1 and T2 signals. A previous study reported that HPD may exhibit long T1 and T2 signals ([@b17-etm-0-0-6090]). In all 35 cases, the plain MRI scan revealed isointense-T1 and isointense-T2 signals, as well as isointense-DWI signals; when cases underwent an enhanced scan. HPD primarily appeared as a transient wedge, triangular, oval-shaped or an abnormal enhancement zone in the arterial phase. Signals were isointense with sharp edges, which demonstrate a clear narrow transition zone with the surrounding liver tissue. Furthermore, there was no vasculature displacement, blood vessel signals were observed within high-perfusion abnormal signals and isointense or slightly hyperintense signals were observed in the portal venous phase and delayed phase. The segment and sub-segment of the liver and liver lobe may be affected and can be single or multiple sites, which are primarily located in the peripheral region of the liver ([@b26-etm-0-0-6090]).

According to its performance characteristics in the liver parenchyma, HPD may be divided into three types ([@b5-etm-0-0-6090]): i) The diffuse type: Presents with multiple forms, numerous sizes of abnormal perfusion regions in the liver parenchyma; exhibits irregular hyperintense abnormal enhancement signals, patchy or round in the arterial phase. In the present study, 6 cases were determined to be this type, which are common in malignant tumor portal vein thrombosis and compression. ii) Liver lobe-liver segment type: Exhibits abnormal enhanced signals in the liver segment or liver lobe in the hepatic arterial phase ([@b27-etm-0-0-6090]). In the present study, 7 cases were identified to be this type, which are commonly observed in liver tumors or adjacent organ tumors ([@b28-etm-0-0-6090]), post-liver surgery or interventional treatment ([@b4-etm-0-0-6090]). or in inflammatory lesions ([@b29-etm-0-0-6090]). iii) Wedge-sheet type: Abnormal perfusion regions present a wedge or sheet shape, which are commonly observed at the edge of the liver or liver lesions. In the present study, 22 cases belonged to this type, which are commonly observed in liver cancer, cirrhosis and abnormal physiological perfusion ([@b30-etm-0-0-6090],[@b31-etm-0-0-6090]). Danet *et al* ([@b32-etm-0-0-6090]) reported that in 16 cases of pancreatic cancer liver metastasis enhanced MRI scans, 8 cases (50%, 8/16) revealed a wedge enhancement. In the present study, in the 16 patients with liver cancer, 12 cases (75%) indicated wedge-sheet type HPD, which higher than the rate indicated in the study by Danet *et al* ([@b32-etm-0-0-6090]), indicating that the present results were consistent with these previous findings. Furthermore, these findings suggest that the wedge-sheet typemay be a typical characteristic for HPD caused by liver cancer.

HPD with atypical performance often requires the identification of hepatocellular carcinoma, liver metastases, liver hemangioma, focal nodular hyperplasia, hepatic adenoma and hepatic tumor recurrence following the treatment of differentiated lesions ([@b33-etm-0-0-6090]). Hepatocellular cancer primarily manifests as long T1 and T2 signals, while DWI demonstrates high signals in enhanced scanning imaging ([@b34-etm-0-0-6090]). High signals were observed in the arterial phase, while the delayed phase exhibited low signals ([@b35-etm-0-0-6090]). Metastatic tumors demonstrate complex signal changes, while typical liver metastases exhibit a T2WI 'target sign' or 'bull\'s-eye' sign ([@b36-etm-0-0-6090]). In the portal phase, enhanced scanning revealed a loop-shaped enhancement. Hypointense T1WI signals and hyperintense T2WI signals primarily demonstrate hemangiomas, while enhanced scans revealed progressive enhancements. The presence of focal nodular hyperplasia was determined by isointense or slightly hypointense T1WI signals and slightly hyperintense or isointense T2WI signals. In the central scar, T2WI hyperintense signals were observed. In the early stage of enhanced scanning, significantly enhanced signals were observed and slightly hyperintense signals were observed in the late stage. In the central scar, delayed enhancement was demonstrated. Solitary round shapes were primarily observed in the liver adenoma, T1WI signals may be slightly hyperintense or hypointense and T2WI revealed slightly hyperintense signals. In enhanced scans, a significant enhancement was demonstrated in the arterial phase, while the portal and delayed phases revealed isointense and hypointense signals or isointense and hyperintense signals. The recurrence of tumors following treatment typically indicates long T1 and T2 signals ([@b37-etm-0-0-6090]). In enhanced scans, enhancement signals are observed in the arterial phase, while decreased signals are observed in the delayed phase. DWI presents with hyperintense signals and thus, these were identified as HPD ([@b26-etm-0-0-6090]). In DWI, by evaluating the microscopic motion of water molecules within living tissues, it is possible to detect functional changes in tumor tissues following TACE surgery in the early stages of cancer ([@b38-etm-0-0-6090]). Previous studies have indicated that DWI is expected to become an effective means of determining efficacy, as well as the post-surgery follow-up assessment of liver cancer TACE therapy ([@b39-etm-0-0-6090]). In order to understand the effect of interventional therapy, important reference information for the follow-up treatment of patients is required ([@b40-etm-0-0-6090]).

Anatomic variations of hepatic artery constitutes a 'third hepatic inflow tract' that primarily occurs in: The gallbladder fossa, the attachment point of the ligament, front side of the porta hepatis, the front margin of the II segment, front and rear margins of the III segment and specific parts of the liver subcapsular region ([@b41-etm-0-0-6090]). In the early arterial phase of liver CT and MRI enhanced scans, the contrast agent and reflux of the portal vein through the spleen and gastrointestinal tract have not been fully and uniformly mixed; thus, abnormal physiological hypoperfusion of the liver may occur ([@b42-etm-0-0-6090]).

Mechanisms of abnormal pathological hyper perfusion are complex and are summarized as follows ([@b2-etm-0-0-6090]): i) This may occur due to trauma, a number of different invasive procedures., including after liver tumor interventional therapy, or following liver transplantation ([@b43-etm-0-0-6090]). ii) Tumors, including benign and malignant liver tumors ([@b26-etm-0-0-6090]), the incidence of HPD in primary liver cancer is 6.4 to 21% ([@b44-etm-0-0-6090]) and Kim *et al* ([@b45-etm-0-0-6090]) reported that the incidence of HPD in liver hemangiomas was 25.7%. iii) Inflammation; inflammatory diseases in the liver and adjacent organs such as liver abscess, cholangitis and cholecystitis ([@b23-etm-0-0-6090]); abnormal perfusion phenomenon of round lesions or near the liver parenchyma associated with liver abscess has been reported ([@b46-etm-0-0-6090]) and is considered an important diagnostic indication of liver abscess ([@b47-etm-0-0-6090]). iv) Compressed or blocked blood vessels within the liver: The hepatic portal vain is the most commonly involved ([@b42-etm-0-0-6090]); portal vein obstruction, portal vein tumor thrombus or direct compression of the portal vein by tumors that lead to reduced blood flow and blood supply via the hepatic artery is increased to compensate ([@b25-etm-0-0-6090]).

The most common cause for this is a compressed or blocked liver artery, hemodynamic balance between hepatic artery and portal vein changes and reduction in perfusion of the affected liver or hepatic artery ([@b22-etm-0-0-6090]); thus, inducing liver pathologic hypoperfusion abnormalities ([@b48-etm-0-0-6090]).

HPD in specific regions and other parts of the gallbladder fossa, when other reasons are excluded, may suggest the presence of a third inflow tract without prompting any pathological significance. HPD in simple imaging should not be considered as a simple hemodynamic change and should lead to clinical attention and regular follow-ups, if necessary. Biopsy should be conducted to exclude or diagnose the true disease and to avoid misdiagnosis or missed diagnosis.

The difference between APS dynamic portal pressure observed in the patients may be relatively large, and portal vein branches that present early may be observed in the arterial phase. Certain dynamic portal pressure differences are relatively small, and it is not easy to identify portal vein branches that present early. The presence or absence of APS is significant for determining an intervention treatment plan. Liver cirrhosis may lead to reduced portal vein perfusion and increased compensatory hepatic artery perfusion; thus, causing HPDs ([@b49-etm-0-0-6090]). APS is commonly identified in cirrhosis, with an angiographic detection rate of 13% ([@b42-etm-0-0-6090]). However, the MRI detection rate is relatively low and definite APS was not detected in three cases of cirrhosis in the current study.

HPD may be an indirect sign of true lesions, since early intrahepatic metastasis affects small liver blood vessel branches. Imaging cannot exhibit direct metastatic lesions, and may only present as HPD. Over time, metastasis may develop and larger lesions may form. Thus, early intrahepatic metastasis in patients with cancer who exhibit signs of HPD away from the main tumor foci should be given attention.

Certain extra-hepatic adjacent organs such as the stomach, pancreas, kidneys or retroperitoneal tumors may induce hemodynamic changes in the portal vein and hepatic artery when they violate extra-hepatic portal vein branches, celiac or the inferior vena cava; which lead to liver perfusion differences and present HPD.

In conclusion, HPD induced by liver cancer and other causes, including cirrhosis, hemangioma, inflammation and adjacent viscera lesions, is not uncommon. HPD does not have a characteristic diagnostic value for liver lesions, but it may indicate the presence of abnormal hepatic arterial blood flow, portal vein obstruction or artery-portal vein shunt and other potential pathological changes. Dynamic contrast-enhanced MRI imaging is sensitive to HPD and is able to detect small liver lesions and artery-portal vein diversion, as well as in detecting occult lesions. However, further studies are required to establish suitable methods for the detection and evaluation of HPD using MRI imaging.
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![Surrounding liver tissue perfusion disorders caused by liver cancer of a male, aged 62, with history of hepatitis B. White arrow in each panel indicated the tumor in the liver. (A) Imaging in the arterial phase was significantly enhanced. (B) Imaging in the venous phase is slightly hyperintense. (C) Imaging in the delayed phase indicates hypointense signals. Biopsy reveals liver cell adenocarcinoma and abnormal perfusion in the liver inferior to the adjacent region. (D) Imaging in the arterial phase was hyperintense. (E) Imaging in the venous phase and (F) delayed phase is slightly hyperintense.](etm-15-06-5199-g00){#f1-etm-0-0-6090}

![Case of liver tissue perfusion disorder caused by cholecystitis in a male aged 70, with history of cholecystitis and hepatic perfusion disorder. The upper and lower white arrows in each panel indicate the two hepatic perfusion disorder areas, which were all liver lobe-liver segment type. Liver enhanced imaging (A) in the arterial phase indicates multiple abnormal enhancements in the left and right lobe of the liver with clear boundaries. (B) Imaging in the portal phase and (C) delayed phase was slightly hyperintense.](etm-15-06-5199-g01){#f2-etm-0-0-6090}

###### 

Pathogenic causes and different types of hepatic perfusion disorders of 35 patients.

  Pathogenic cause                   Diffuse type   Liver lobe and segment type   Wedge-shaped type   Total
  ---------------------------------- -------------- ----------------------------- ------------------- -------
  Liver cancer                       3              1                             12                  16
  Following liver cancer treatment   1              2                               4                   7
  Hepatic hemangioma                                                                1                   1
  Hepatic metastasis                 1                                                                  1
  Gastric cancer                                    1                                                   1
  Cirrhosis                                         1                               2                   3
  Liver abscess                                     1                                                   1
  Cholecystitis                                     1                                                   1
  Pancreatitis                       1                                                                  1
  Physiology                                                                        3                   3
  Total                              6              7                             22                  35
